We show that single Higgs production in γγ collisions through laser backscattering provides the best way to look for New Physics (NP) effects inducing anomalous Higgs couplings. Our analysis is based on the four dim = 6 operators O U B , O U W , O U B and O U W which describe New Physics effects in this sector. Using the Higgs production rate we establish observability limits for the couplings of the aforementioned operators at a level of 10 −3 , which means establishing lower bounds on the scale of NP of the order 30 to 200 TeV. Higgs branching ratios, especially the ratio Γ(H → γγ)/Γ(H → γZ), are shown to provide powerful ways to disentangle the effects of the various operators.
Introduction
Future high energy linear e + e − colliders should allow the realization of γγ collisions with intense high energy photon beams through the laser backscattering method [1] . Provided the Higgs particle will be accessible at the future colliders, the γγ fusion into a single Higgs boson has been recognized as being a powerful tool to study the anomalous Higgs couplings and thereby the scalar sector of the electroweak interactions [2] . These anomalous Higgs couplings may arise as residual effects of a New Physics (NP) characterized by a scale Λ ≫ M W .
It has been shown that there exist seven dim = 6 SU(2) × U(1) gauge invariant operators which are not strongly constrained by existing LEP1 experiments and provide a reasonably complete description of the residual purely bosonic NP interactions at energies lower than Λ [3, 4, 5, 6] . Furthermore, only four of these operators dubbed O U B , O U W , O U B and O U W , create Higgs anomalous couplings exclusively and are therefore not affected by constraints on the anomalous gauge couplings. A first study of the operator O U W has already been done in [7] by looking into vector boson production through γγ collisions, and subsequently in [2] where γγ → H and the various Higgs branching ratios have been analysed.
In the companion paper [8] we have presented a complete analysis of what can be learned for all seven operators by using weak boson pair production at γγ colliders. The aim of the present paper is to perform an analysis of the process γγ → H and of the Higgs decay modes. These later processes are particularly sensitive to O U B , O U W , O U B , O U W and can be used to strongly constrain their couplings.
The Standard contribution to γγ → H only occurs at 1-loop. With the high luminosities expected at linear e + e − colliders, a large number of Higgs bosons should be produced. The sensitivity to anomalous Hγγ couplings is therefore very strong. It turns out that γγ → H can be used to put an observability limit of the order of 10 −3 on these couplings, which means that NP scales of up to several tens of TeV can be probed. This range largely covers the domain of characteristic scales expected by several theoretical models.
The disentangling of the four operators O U B , O U W , O U B and O U W is further helped by considering the Higgs decay branching ratios. Concerning this we remark that H → bb is not affected by the aforementioned seven purely bosonic operators descibing NP. Neither H → W W, ZZ are particularly sensitive to such an NP, since it is masked by strong tree level SM contributions. On the other hand, the processes H → γγ and H → γZ who receive tree level contributions from the above anomalous couplings and only one loop ones from SM, are most sensitive to NP. Thus their ratio to the dominant Higgs decay mode, which depending on the Higgs mass may either be the bb or the W W, ZZ modes, provide a very sensitive way to further help disentangling among the CP conserving operators O U B and O U W . This way, using H → γγ or H → γZ, couplings even weaker than 10 −3 could be observable. For comparison we note that the corresponding sensitivity limit from H → W W, ZZ is at the 10% level. The identification of the CP-violation effects and the disentangling of the CP-violating operators from the CP-conserving ones requires a study of either the W,Z spin density matrix through their decay distributions or of initial γγ linear polarization effects.
In Section 2 we give the explicit expression of the production rate of Higgs through γγ collisions at a linear collider, including SM and NP contributions due to the four operators. We consider collider energies of 0.5, 1 and 2 TeV. Section 3 is devoted to the study of the Higgs decay modes H → γγ, γZ, W W , ZZ, bb and to the computation of the SM and NP effects for the various ratios. A discussion of the sensitivities to the anomalous couplings and of the possibility to disentangle the contributions from the various operators is given in Section 4.
The γγ → H production rate
The formalism of γγ collisions through laser backscattering has been described in [1] . We shall use the same notations as in [2] . The cross section for γγ → H is given by
where the luminosity function
H /s ee is explicitly given in terms of the f laser γ/e distribution in [2, 7] . Essentially L γγ is close to the e + e − linear collider luminosity L ee up to τ max = (0.82) 2 . The H → γγ decay width is computed in terms of the one-loop SM contribution and tree level NP ones [9] :
where the standard top and W contributions are respectively determined by
in terms of
H and m t = 175GeV [10] . The NP contributions are obtained from the Lagrangian given in eqs. (8) in the companion paper, where also the definitions of the various operators are given.
The resulting rate is shown in Fig.1-2 for three typical NLC energies, 0.5, 1 and 2 TeV. The number of events indicated in these figures corresponds to e + e − luminosities of 20, 80
and 320 f b −1 respectively. Strong interference effects may appear (depending on the Higgs mass) between the SM and the CP-conserving NP contributions; (compare Fig.1) . But in the case of CP-violating contributions (Fig.2) there are never such interferences. In the figures we have only illustrated the cases of O U W and O U W . The corresponding results for O U B and O U B can be deduced according to eq(2) from Fig.1-2 , by the replacement
. So the sensitivity to these last two operators is enhanced by more than a factor 3 in the cross section.
With the aforementioned designed luminosities, one gets a few thousands of Higgs bosons produced in the light or intermediate mass range. Assuming conservatively an experimental detection accuracy of about 10% on the production rate, one still gets an observability limit of the order of 10 
Higgs decay widths and ratios
The expression of the H → γγ width has been written above in (2). Correspondingly, the H → γZ width is also expressed in terms of a 1-loop SM contribution and of the NP contributions from the four operators [9] :
where
H as before, and l t = 4m
where f (t) is given in (5) and
The H → W + W − , ZZ widths receive a tree level SM contribution which interfere with the ones from the CP-conserving operators O U B , O U W . In addition there exist quadratic contributions from the CP-violating operators
with
we have computed the Higgs decay width with one gauge boson being virtual and decaying into lepton and quark pairs. The expressions are
and
These results are useful for 90GeV < ∼ m H < ∼ 140GeV . Finally we quote the H → bb decay width, which is purely standard and particularly important if m H < 140GeV . It is given by
with The m H and d dependences of the γγ/bb ratio are obviously similar to the ones of the production cross section σ(γγ → H). The ratios γZ/bb and γγ/γZ have independent features that may help disentangling the various couplings. They can also be seen from the ratio shown in Fig.3c .
The sensitivity of the W W/bb and ZZ/bb ratios is much weaker as expected from the occurrence of tree level SM contributions. Because of this these ratios are only useful for d > ∼ 0.1. The ratios γγ/W W and γγ/ZZ are shown in Figs.3d,e and present the same features as the ratio γγ/bb. They can however be useful in the range of m H where the W W, ZZ modes are dominant.
Finally we discuss the ratios W W/ZZ and γγ/γZ for a given value of m H (chosen as 0.2T eV in the illustrations made in Fig.4a,b) , versus the coupling constant values of the four operators. This shows very explicitly how these ratios can be used for disentangling the various operators. They have to be taken in a complementary way to the σ(γγ → H) measurement. As in the W W/bb case, the W W/ZZ ratio is only useful for d > ∼ 0.1, while γγ/γZ ratio allows for disentangling d values down to 10 −3 or even less. The corresponding sensitivity limit for d B ,d B should then be lying at the level of a few times 10 −4 .
Final discussion
At a linear e + e − collider the process γγ → H is a very efficient way to produce and study the Higgs boson. We showed that the sensitivity limits on the NP couplings are at the 10 −3 level. Using unitarity relations in [11, 12, 5] we find and that this implies that new physics scales are in the range of 30 to 200 TeV, depending on the nature of the NP operator.
In more detail, we have studied the behaviour of σ(γγ → H) versus m H for the four NP operators which are the candidates to describe residual NP effects in the Higgs sector.
Ways to disentangle the effects of these operators have been considered. We have found that this can be achieved by looking at the Higgs branching ratios into W W , ZZ, γγ, γZ, which react rather differently to the presence of each of these operators. This is illustrated with the ratios of these channels to the bb one which is unaffected by this kind of NP. Most spectacular for the disentangling of the various operators seem to be the ratios W W/ZZ and γγ/γZ. The first one, which is applicable in the intermediate and high Higgs mass range, allows to disentangle O U B from O U W down to values of the order of 10 −1 , whereas the second one, applicable in the light Higgs case, is sensitive to couplings down to the 10 −3 level or less. The identification of CP-violating terms is not directly possible except for the remark that, contrarily to the CP-conserving terms, there can be no intereference with the tree level SM contributions. Thus a CP violating interaction cannot lower the value of the widths through a destructive intereference. A direct identification of CP violation requires either an analysis of the W or Z spin density matrix through their fermionic decay distributions [13, 14] , or the observation of a suitable asymmetry with linearly polarized photon beams [15] . 
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